INTRODUCTION
In 1987, the honey bee parasitic mite Varroa jacobsoni Oud. was discovered in the U.S.A. [1] . Since that time it has spread throughout the continental U.S. Varroa jacobsoni damages immature and adult
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Control of Varroa jacobsoni Oud. resistant to fluvalinate and amitraz using coumaphos V. jacobsoni to fluvalinate in the U.S. [2, 4] . Fluvalinate resistance has previously been documented in Europe [8] .
Because Apistan is the only generally registered compound for V. jacobsoni control in the U.S., the advent of resistance has become a serious problem. There exist, however, several compounds that either have been effective in the past but are no longer registered, or that show promise as a new product for V. jacobsoni control. Amitraz, a formamidine, is an example of the first category, which was effective in controlling V. jacobsoni in past years. The organophosphate coumaphos (known as Perizin in Europe) is an example of the second category, which has shown promise as a new acaricide in the U.S. for V. jacobsoni control [3] (several U.S. states have received temporary emergency federal approval for the use of coumaphos against V. jacobsoni). We thus initiated the present study to document fluvalinate resistance in a U.S. population of V. jacobsoni, and to investigate the respective efficacies of amitraz and coumaphos in controlling these fluvalinate-resistant mites.
MATERIALS AND METHODS
Varroa jacobsoni-infested honey bee hives used in this study were located in north central Minnesota, in apiaries where difficulties in controlling V. jacobsoni with Apistan were observed by the commercial beekeeper. Reference hives were located in extreme south Texas. Laboratory and field techniques had previously revealed that V. jacobsoni in these Texas hives were susceptible to fluvalinate [4] .
A laboratory test of each pesticide at each location was conducted. A discriminating dose of each pesticide was determined using the method previously described by Elzen et al. [4] . Treatments were prepared by dissolving technical grade pesticide in acetone and pipetting dilutions of the candidate pesticide into individual 20-mL glass vials. In Texas, fluvalinate-susceptible V. jacobsoni were removed individually from bee brood cells and placed in pesticide-treated vials. Three adult female V. jacobsoni, removed from non-pigmented bee larvae/pupae, were placed in each vial and held for 24 h at 27 °C. Six h after initial exposure, a single bee pupa was added to each capped vial as a food source. An individual was considered dead after the treatment period if it showed no leg movement when gently prodded with a probe. Percentage mortalities resulting from various dilutions of each pesticide were used to calculate, using log-probit analysis [7] , the single dose estimated to kill 80-90% of the susceptible Texas V. jacobsoni. This discriminating dose, a total of 33 treatment vials and 15 control vials (evaporated acetone only) were tested for each compound examined in Texas. In Minnesota, 4 colonies were chosen from a representative apiary and 17 test vials were utilized for each colony; 12 control vial tests were run concurrently. Mortality in Texas and Minnesota was compared with an expected 80-90% mortality using chi-square analysis [9] .
A field experiment was initiated in October 1998 in Minnesota to provide information on resistance/control of V. jacobsoni in a commercial setting. Formulated 10% amitraz strips, impregnated into plastic, were obtained from Y-Tex Corp (1825 Big Horn Ave., Cody, WY 82414, USA).
however, in an effort to minimize control mortality. The toxicity of coumaphos was additionally found to be within the toxicity range of organophosphates tested on at least one other susceptible arthropod adopting the same methods as those used in this study [6] . The relatively low lethality of amitraz observed in this study was also consistent with general reports that the biological action of amitraz is due more to its sublethal effects, rather than to a direct lethality [5] .
Comparisons of mortalities at the LD 90 values for each compound determined for the Texas (susceptible) V. jacobsoni Formulated 10% coumaphos strips, impregnated into plastic, were obtained from Bayer Corp. Formulated 10% fluvalinate strips, impregnated into plastic, were obtained from Dadant & Sons (51 S. 2nd St., Hamilton, IL 62341, U.S.A.). Two strips of the treatment type were inserted into the brood chamber and a sticky board was inserted under a screen on each hive bottom. Colonies averaged 10 frames of bees with less than one-half frame of brood, typical of hive strength during cooler temperatures in October. Seventeen colonies for each treatment type and 17 control colonies were tested. V. jacobsoni drop was counted 24 h later. Strips were left in place for 5 weeks and then were removed and a single fresh strip of coumaphos was inserted into each hive to obtain final mite knock-down. The resulting percentage change of initial versus final V. jacobsoni counts for each acaricide was compared with previously determined percentage change in completely susceptible mite populations [3] by chisquare analysis [9] .
RESULTS AND DISCUSSION
Laboratory results of lethal dose estimates are shown in Table I . Fluvalinate was found to be the most toxic to Texas susceptible V. jacobsoni when comparing LD 50 s. Amitraz was the least toxic, with 16.35 µg necessary for 50% mortality. In field studies on varying strengths of formulated coumaphos, a low concentration (1.0%) caused only 48% reduction of mites [3] . A low concentration of Apistan (2.5%), however, is quite effective in controlling V. jacobsoni in a field situation (Apistan product information guide), thus correlating with our results that fluvalinate is more toxic than coumaphos. Additionally, pyrethroid pesticides show very rapid toxicity effects, also perhaps explaining why fluvalinate was so much more toxic than coumaphos within the 24-h test period. We chose not to extend the treatment time in this study beyond 24 h, 439 Field studies further supported the laboratory findings (Tab. III). There was an increase of 89.1% over the treatment period for colonies exposed to Apistan, indicating little/no control, and thus very high resistance. The control obtained with amitraz was only 75.4%, which significantly differed from the expected 98% control using the same strip form of amitraz as used in previous studies in Guatemala [3] . Coumaphos was highly effective on these fluvalinate-and amitraz-resistant V. jacobsoni in Minnesota, providing 97.0% control over the treatment period.
It can thus be concluded that coumaphos strips can provide excellent control of V. jabobsoni, including those populations that are resistant to fluvalinate and amitraz. We are currently investigating the possibility of devising a resistance management plan for V. jacobsoni in the U.S.A. Such a plan would be based on the instability of fluvalinate resistance in V. jacobsoni; successful use of Apistan may be reintroduced after an interval with no Apistan exposure. We have verified that fluvalinate resistance in V. jacobsoni is an unstable trait (Elzen, unpubl. results), but how long the non-exposure period will be remains to be determined. 
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